King coconut (Cocos nucifera var. aurantiaca) has a good export market as a natural beverage. However, the quality of the nut has to be maintained for several weeks to meet export market requirements. Therefore, the present study was undertaken to develop techniques to improve the keeping quality of tender king coconuts. Seven-month-old nuts collected from different locations were given wrapping and waxing treatments and stored at low temperature to improve the keeping quality up to four weeks. Invert sugars and total sugars were analyzed. Observations on cosmetic appearance and organoleptic tests were made at initial stage and after storage. The study revealed that the quality of tender king coconuts could be maintained for a period of four weeks when the whole nuts were wrapped with cling film and stored at 14-15 °C, in order to meet export market requirements.
INTRODUCTION
King coconut (Cocos nucifera var. aurantiaca) is a variety known to be endemic to Sri Lanka. The tender nut water is a very popular nutritious natural beverage as it is rich in sugars, vitamins, amino acids and minerals (Ediriweera, 1996; Nanda Kumar, 1995; Dhamodaran etal., 1993; Jayasekara, 1990; Jayasekara and Fernando, 1989; Mohandas, 1983) . King coconut is easily and economically grown in almost all the coconut growing lands in Sri Lanka. The price of a king coconut in the local market varies from one to six rupees and is very much higher in the overseas market. The inquiries received from entrepreneurs and foreign visitors to CRI prove that it has high market potential in overseas. King coconuts could be successfully air freighted in good condition to foreign markets within a day or two. But for large export volumes, sea freight would be more economical, but requires about threeweek storage time within the ship. The major problem associated with the export of whole nut is the physico-chemical changes that take place after harvest, and during the period of sea freight and transport up to the point of sale. Tender king coconuts cannot be stored for more than one week at ambient temperature due to shrinkage and discoloration of orange coloured outer skin, fall of perianth and fungal attack on the soft perianth region. Therefore, if technology could be developed to improve the shelf life of king coconuts up to four to five weeks, an enormous export potential exists.
The main objective of the present study is to develop a suitable protocol for maintaining the cosmetic appearance of the product and delaying self-decomposition thus prolonging the keeping quality of tender king coconuts.
MATERIALS AND METHODS
Seven month old king coconuts were collected from different locations, Bandirippuwa Estate, Marawila (intermediate zone) and Walpita (wet zone), throughout the year to minimize seasonal effects and other variations which could alter the composition of nut water. At least three bunches (having a minimum of 18 nuts per bunch) were collected from each location.
Nuts without any physical damage were selected and the outer skin was cleaned using paper tissues. In order to minimize within bunch variations (Fig.  1) , the nuts of each bunch were randomly divided into three groups and a minimum of six nuts were assigned to each treatment. The first group of nuts was used to obtain initial data (T|). A thin layer of paraffin wax was applied on the perianth region of the second group of nuts and these were wrapped with cling film -GLAD WRAP (T 2 ). The third group of nuts was wrapped with cling film without applying wax on the perianth region (TO. The second and third groups of nuts (T 2 and Ti) were packed with shredded paper in hard board boxes with vents and stored at 14-15 °C in a cold cabinet (CAMLAB, Cambridge, UK). For biochemical evaluation of the deterioration of nut water and reduction of cosmetic appearance of the tender nut, during storage at room temperature, each bunch collected from Walpita was divided in to four groups. The fourth group of nuts was used as control (T 4 ) and stored at room temperature, without imposing any treatment, in the same type of boxes with shredded paper. All the nuts were stored for four weeks and analysis was carried out.
To determine the changes in sugar content during storage, the liquid endosperm of king coconut was analyzed for sugars using high performance liquid chromatography (HPLC) system (Waters, USA) with a Sugar -Pak column. The cosmetic appearance of the nuts was compared using photographs. The data collection was done on the same day of harvesting and after four weeks of storage.
The pleasant taste of tender coconut water is attributed mainly to the invert sugars (glucose and fructose) and mineral matter (Chikkasubbanna et al., 1990) . When the nut is seven months old, the concentration of invert sugars increases and reaches a maximum and sucrose just begins to be produced in the nut water. The analytical data has proven that the water from nuts at this stage is best suited for drinking (Jayasekara and Fernando, 1989) . Further, the volume of water is at its maximum during this stage (Nathanael, 1952) . Therefore, seven month old nuts were selected for this study and Table  1 shows the concentration of sugars in the liquid endosperm at initial stage and after four weeks of storage. The data revealed that there was no significant difference in sugar contents among the three treatments, T|. T 2 , and Ti. The total sugar content was 5-6% and the invert sugar (glucose and fructose) content was 4-5.5% in nuts collected from all three locations. Further, as there was no significant difference between the sugar contents of T 2 and Ti, waxing the perianth region was not necessary to improve shelf-life of king coconut if the whole nut, including the perianth region, is covered with cling film and stored at 14-15 °C (Table 1 ). In the control (T 4 ) nuts collected from Walpita the invert sugar (0.5-1%) and total sugar contents (2-3%) were significantly reduced after three weeks compared to initial. After three weeks the perianth region was attacked by fungi and the cosmetic appearance was greatly reduced.
The experiment was repeated with only T| (initial) and Ti (cling wrap), and the data are presented in Table 2 . The results confirmed that there was no significant difference in sugar contents between initial stage and after four weeks of cold storage, with cling film wrap. The photographs taken at the initial stage (Ti) and after four weeks also showed that there was no shrinkage or discoloration of the outer skin, browning of perianth region or perianth fall after four weeks of cold storage, at 14-15 °C, with cling film wrap (T 2 and T 3 ). In the nuts stored at 14-15 °C, without cling film wrap, shrinkage and discolouration of the outer skin possibly due to dehydration was observed. The observations revealed that the cling film wrap which is a Modified Atmospheric Packing (MAP) system and low temperature storage have preserved the fruit and delayed the self decomposition prolonging the keeping quality of tender king coconuts. Cling film wrap has also prevented the shrinking of the skin by maintaining a suitable humidity level thus giving a good cosmetic appearance to the nut, which is important for the export market. In the nuts stored at room temperature (T 4 ), shrinking and browning of the outer skin, perianth fall and fungal attacks on the soft perianth region were observed, and thus the cosmetic appearance was very much below the acceptable level. Organoleptic observations indicated that the quality of nut water was not changed in T 2 and T< when compared to T|. The average score for taste for the nuts collected from different locations showed some variation. However, the mean initial (TO score was 5 for tender nuts collected from ail the locations and the mean final score (after storage) of T 2 and Ti was 6. It indicated that the quality of nut water was accepted as 'satisfactory' by the consumer both at the initial stage and after storage. The quality of nut water in nuts stored at room temperature (T 4 ) was 'below average' and not acceptable to the consumers.
RESULTS AND DISCUSSION 4
In conclusion, the present study revealed that cling film wrapping and cold storage (14-15 °C) improved the shelf-life of king coconuts up to one month. This low cost post-harvest storage technique could be further tested on king coconuts for longer duration of storage.
